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(54) All-season pneumatic radial tire for passenger car 



(57) An all-season pneumatic radial tire has a block 
pattern in a tread defined by two circumferential main 
grooves (1 ) and slant grooves, in which the two circum- 
ferential main grooves are arranged on either side of the 
tread with respect to a pattern center to divide the tread 
into a central region (TC) and side regions (TS). In this 
tire, the slant grooves are comprised of steep slant 
groove segments (2) and gentle slant groove segments 
(3), and the steep slant groove segments (2) are dis- 
posed in the central region (TC) and the gentle slant 



groove segments (3) are disposed in both side regions 
(TS) of the tread in a herringbone directional tread pat- 
tern designating a rotating direction (RD) of the tire to 
be mounted onto a vehicle. A surface of an acute corner 
angle zone of each of the blocks (4) defined by the cir- 
cumferential main grooves (1) and the steep slant 
groove segments (2) and arranged in the central region 
(TC) of the tread is chamfered over a distance of 10-30 
mm from a taper end in a longitudinal direction so as to 
gradually shallow from the taper end toward a thickened 
zone. 



FIG. I 
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Description 



This invention relates to a pneumatic radial tire, par- 
ticularly an all-season pneumatic radial tire tor passen- 
ger cars. 

As shown in Fig. 2, the conventionally typical all- 
season pneumatic radial tire tor passenger car has a 
tread pattern wherein a circumferential groove extends 
substantially in a straight line in a central portion ot a 
tread (or so-called center groove) and plural circumfer- 
ential grooves extending straightforward or zigzag in the 
circumferential direction are arranged on either side of 
the center groove and many blocks are formed at inter- 
vals in axial and circumferential directions of the tire by 
these circumferential grooves with lateral grooves ar- 
ranged at an interval in the circumferential direction so 
as to cross the tread. 

Such an all-season pneumatic radial tire is required 
to have various performances such as drainage per- 
formance in the running on a wet road surface, low 
noise, steering stability in the running on a dry road sur- 
face, braking traction, straight running and cornering 
performances in the running on snow, braking perform- 
ance on ice and the like. 

Recently it is demanded to develop all-season 
pnoumatic radial tires having excellent drainage per- 
lofmanco in the running on the wet road surface and 
noise reduction without remarkably sacrificing the steer- 
mi vab hty m thn running on the dry road surface, per- 
tor mnnr.es on snow Draking performance on ice and the 

hkc ct the t re 

l:is therclorc an object of the invention to provide 
an all -season pneumatic radial tire for passenger car 
havirq excellent drainage performance in the running 
on the *ct road surface and noise reduction without de- 
grading various performances of the conventional all- 
season pncumal c radial tire particularly the steering 
stabi ity in me running on the dry road surface, perform- 
ances on snow and Draking performance on ice 

According to the invention, there is the provision of 
in an all-season pneumatic radial tire comprising a tread 
of a block paf.ern defined by two circumferential mam 
grooves arranged at a given interval in an axial direction 
ot the tire and continuously extending in a circumferen- 
tial direction ot the tire and many slant grooves arranged 
at a given interval in the circumferential direction ot the 
tire and extending obliquely with respect to the circum- 
ferentia! "direction ol the lire, in which the two circumfer- 
ential mam grooves are arranged on either side of the 
tread with respect to a pattern center to divide the tread 
into a central region located between the two circumfer- 
ential main grooves and having a width corresponding 
to about 1 5%-45% ot a tread width and both side regions 
each located between the circumferential main groove 
and an end of the tread, the improvement wherein (1) 
the slant groove is comprised of a steep slant groove 
segment extending at a relatively small inclination angle 
with respect to the circumferential direction and a gentle 



slant groove segment extending at a relatively large in- 
clination angle with respect to the circumferential direc- 
tion; (2) the steep slant groove segment is disposed in 
the central region of the tread and extends substantially 
5 in a straight line from an end of the groove segment 
opening to the circumferential main groove toward the 
other end opening to the other circumferential main 
groove; (3) the gentle slant groove segment is disposed 
in each of both side regions of the tread and extend so 
10 as to gradually increase the inclination angle with re- 
spect to the circumferential direction from an inner end 
of the groove segment opening to the circumferential 
main groove toward an outer end thereof opening to the 
tread end; (4) the gentle slant groove segment located 
75 in one of both side regions of the tread and the gentle 
slant groove segment located at the other side region 
are arranged in a herringbone form in pairs to form a 
directional tread pattern designating a rotating direction 
of the tire to be mounted onto a vehicle that a portion of 
20 a block defined between the gentle slant groove seg- 
ments neat to a side of an equatorial plane of the tire 
precedentiy contacts with ground and a portion of the 
block located apart away from the equatorial plane suc- 
ceedingly contacts with the ground in which the arrange- 
25 m ent of the gentle slant groove segments located at one 
of both side regions is shifted by a half pitch to the ar- 
rangement of the gentle slant groove segments located 
at the other side region: and (5) a surface of an acute 
angle corner zone of each ol the blocks defined by the 
30 circumferential main grooves and the steep slant groove 
segments and arranged in the central region of the tread 
is chamfered over a distance of 1 0-30 mm from a taper 
end in a longitudinal direction so as to gradually shallow 
from the taper end toward a thickened zone. 
35 In a preferable embodiment of the invention, the 
steep slant groove segment extends at an inclination an- 
gle of 10-45° with respect to the circumferential direction 
and the gentle slant groove segment extends at an in- 
clination angle of 30-90° with respect to the circumfer- 
40 ential direction. 

In another preferable embodiment of the invention, 
each of the blocks is provided with a plurality of sipes 
each extending at a relatively large inclination angle of 
70-90° with respect to the circumferential direction and 
45 opening at its end to the circumferential main groove or 
the tread end. 

In the other preferable embodiment of the invention , 
the number of the sleep slant groove segments is not 
more than a half of the number of the gentle slant groove 
50 segments so as to make an interval between the steep 
slant groove segments in the circumferential direction 
not less than two times an interval between the gentle 
slant groove segments in the radial direction, and each 
of the blocks arranged in the central region of the tread 
55 is a parallelogram having a relatively large circumferen- 
tial component as compared with each of the blocks ar- 
ranged in both side regions of the tread 

In a stilt further preferable embodiment of the inven- 
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tion, the tire is provided with a beft comprised of at least 
two rubberized cord layers each containing cords ar- 
ranged in parallel to each other at a cord angle of about 
1 0-30° with respect to the circumferential direction of the 
tire, cords of which layers being crossed with each other 
with respect to an equator of the tire, and the extending 
direction of the cord in an outermost layer of the belt in 
the radial direction is crossed with the extending direc- 
tion of the steep slant groove segment with respect to 
the equator of the tire- 
In the other preferable embodiment of the invention, 
a surface of an acute angle corner zone of each of the 
blocks arranged in both side regions and defined be- 
tween the circumferential main groove and the gentle 
slant groove segment is chamfered over a distance of 
10-30 mm from a taper end in a longitudinal direction so 
as to gradually shallow from the taper end toward a 
thickened zone. 

The pneumatic radial tire according to the invention 
has the aforementioned structure, and particularly forms 
a row of many blocks arranged at intervals in the circum- 
ferential direction of the tire in the central region of the 
tread, so that the rigidity in the central region of the tread 
becomes higher as compared with the tire having the 
center groove and hence the steering stability in the run- 
ning on dry road surface, wet road surface and on snow 
is improved. 

In the pneumatic radial tire according to the inven- 
tion, the two circumferential main grooves continuously 
extending in the circumferential direction of the tire are 
arranged adjacent to either side of the block row formed 
in the central region of the tread, so that there is obtained 
an excellent drainage performance in the running on the 
wet road surface or excellent resistance to hydroplan- 
ing. 

In the pneumatic radial tire according to the inven- 
tion, a plurality of the steep slant groove segments are 
disposed in the central region of the tread, the shearing 
force of snow column through a lug component can be 
obtained without lowering the rigidity in the circumferen- 
tial direction to establish the performance on snow and 
the performance on ice. In this case, the steep slant 
groove segments disposed in the central region of the 
tread extend at a relatively small inclination angle of, 
preferably 10-45° with respect to the circumferential di- 
rection, so that it is possible to smoothly conduct the 
drainage between the two circumferential main grooves 
to improve the drainage performance of the tire and also 
impact component of the tire is decreased to reduce the 
noise of the tire. 

When the inclination angle of the steep slant groove 
segment exceeds 45° with respect to the circumferential 
direction, the branching and joining of water flow be- 
come difficult to degrade the drainage performance of 
the tire and also the rigidity of the block row in the cir- 
cumferential direction is lowered to degrade the braking 
performance of the tire on ice. While, when it is less than 
10°, the shearing force of snow column effective for the 



traction is not obtained, and also it is required that a pitch 
length between substantially parallelogrammatic blocks 
defined by the steep slant groove segments and the two 
circumferential main grooves is made large in order to 
s ensure the distance between the steep slant groove 
segments in the axial direction of the tire and hence the 
pattern noise is degraded. 

In the pneumatic radial tire according to the inven- 
tion, the surface of the acute angle corner zone of each 
io of the blocks defined by the circumferential main 
grooves and the steep slant groove segments and ar- 
ranged in the central region of the tread is chamfered 
over a distance of 10-30 mm from the taper end of the 
block in the longitudinal direction thereof so as to grad- 
es ually shallow from the taper end of the block toward the 
thickened zone thereof, so that the drainage perform- 
ance in the running on the wet road surface or the re- 
sistance to hydroplaning is improved while ensuring the 
rigidity of the block. 
20 in the pneumatic radial tire according to the inven- 
tion, each of the blocks formed in the central region and 
both side regions of the tread is provided with a plurality 
of sipes each extending at a relatively large inclination 
angle of 70-90° with respect to the circumferential direc- 
ts tion and opening at its end to the circumferential main 
groove or the tread end, whereby friction coefficient on 
ice through an edge effect of the sipe is increased to 
ensure the braking performance of the tire on ice. 

Moreover, it is favorable that the sipe density in the 
30 block located at the outermost side of the tread in the 
widthwise direction is set to a low level among the blocks 
formed in the central region and both side regions of the 
tread in order to ensure the steering stability of the tire. 
In the pneumatic radial tire according to the inven- 
ts tion, the gentle slant groove segments extending at a 
relatively large inclination angle of 30-90° with respect 
to the circumferential direction are disposed in both 
sides of the tread between the circumferential main 
groove and the tread end and extend so as to gradually 
-to increase the inclination angle with respect to the circum- 
ferential direction from an inner end of the groove seg- 
ment opening to the circumferential main groove toward 
an outer end thereof opening to the tread end, so that 
the drainage from the circumferential main groove to- 
45 ward the tread end is smoothly conducted to improve 
the drainage performance of the tire in the running on 
the wet road surface or the resistance to hydroplaning. 
Since Ihe gentle slant groove segment is extended 
smoothly as mentioned above, a large shearing force is 
50 obtained by forming a strong snow column to improve a 
traction performance on snow. 

In the pneumatic radial tire according to the inven- 
tion, the gentle slant groove segment located in one of 
both side regions of the tread and the gentle slant 
55 groove segment located at the other side region are ar- 
ranged in a herringbone form in pairs to form a direc- 
tional tread pattern designating a rotating direction of 
the tire to be mounted onto a vehicle thai a portion of a 
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block defined between the gentle slant groove seg- 
ments neat to a side of an equatorial plane of the tire 
precedently contacts with ground and a portion of the 
block located apart away from the equatorial plane sue- 
ceedtngly contacts with the ground in which the arrange- 
ment of the gentle slant groove segments located at one 
of both side regions is shifted by a half pitch to the ar- 
rangement of the gentle slant groove segments located 
at the other side region as previously mentioned, where- 
by the tire noise is reduced. 

The invention will be described with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a partly enlarged plane view of an embod- 
iment of the tread pattern in the tire according to the 
invention; and 

Fig. 2 is a partly enlarged plane view of a tread pal- 
tern in the conventional tire. 
In Figs. 1 and 2, the tire has a tire size of 195/65R15 
and a tread width TW of 146 mm. 



The tire shown in Fig. 1 has a tread pattern com- 
prising many blocks 4, 5 defined by two circumferential 
main grooves 1 arranged at a given interval in an axial 
direction of the tire and continuously extending in a cir- 
cumferential direction of the tire and many slant grooves 
arranged at a given interval in the circumferential direc- 
tion of the tire and extending obliquely with respect to 
the circumferential direction of the tire. 

By arranging the two circumferential main grooves 
1 on either side of the tread with respect to a pattern 
center is divided the tread into a central region TC lo- 
cated between the circumferential main grooves 1 and 
having a width corresponding to 25% of a tread width 
TW and both side regions TS each located between the 
circumferential main groove 1 and a tread end TE. 

The slant groove is comprised of a steep slant 
groove segment 2 extending a relatively small inclina- 
tion angle, e.g. an angle of 20° with respect to the cir- 
cumferential direction and a gentle slant groove seg- 
ment 3 extending at a relatively large inclination angle, 
e g angle of 40-85° with respect to the circumferential 
direction. 

The steep slant groove segment 2 is disposed in 
the central region TC ot the tread and extends substan- 
tially in a straight line from an end opening to the cir- 
cumferential main groove 1 toward the other end facing 
to the other circumferential main groove 1 

The gentle slant groove segment 3 is disposed in 
each side region TS of the tread and extends from an 
end facing to the circumferential main groove 1 toward 
an outer end facing to the tread end TE so as to gradu- 
ally increase the inclination angle from about 40° to 
about 85°. 

The gentle slant groove segment 3 located in one 
of both side regions TS of the tread and the gentle slant 
groove segment 3 located at the other side region are 
arranged in a herringbone form in pairs to form a direc- 



tional tread pattern designating a rotating direction RD 
(forward direction) of the tire to be mounted onto a ve- 
hicle that a portion of a block defined between the gentle 
slant groove segments neat to a side of an equatorial 
5 plane of the tire precedently contacts with ground and 
a portion of the block located apart away from the equa- 
torial plane succeedingly contacts with the ground, in 
which the arrangement of the gentle slant groove seg- 
ments 3 located at one of both side regions is shifted by 
io a half pitch to the arrangement of the gentle slant groove 
segments 3 located at the other side region. 

The surface of an acute angle comer zone of each 
of the blocks 4 defined by the circumferential main 
grooves 1 and the steep slant groove segments 2 and 
75 arranged in the central region TC of the tread is cham- 
fered over a distance of 25 mm at a steppmg-in side and 
a distance of 15 mm at a kickmg-out side from a taper 
end in a longitudinal direction so as to gradually shallow 
from the taper end toward a thickened zone. 
20 The surface of an acute angle comer zone of each 
of the blocks 51 arranged in both side regions TS and 
defined between the circumferential main groove 1 and 
the gentle slant groove segment 3 is chamfered over a 
distance of 1 5 mm from a taper end in a longitudinal di- 
ss rection so as to gradually shallow from the taper end 
toward a thickened zone. 

Each of the blocks 4, 5 (51, 52) is provided with a 
plurality of sipes 6, 7 (71 , 72) each opening at its end to 
the circumferential main groove 1 or the tread end TE. 
30 The sipe 6 disposed in the block 4 extends at an incli- 
nation angle of 90° with respect to the circumferential 
direction, and the sipe 71 disposed in the block 51 ex- 
tends at an inclination angle of 70° with respect to the 
circumferential direction, and the sipe 72 disposed in the 
35 block 52 extends at an inclination angle of 80° with re- 
spect to the circumferential direction. 

The number of the steep slant groove segments 2 
is a half of the number of the gentle slant groove seg- 
ments 3 so as to make an interval between the steep 
40 slant groove segments 2 in the circumferential direction 
two times an interval between the gentle slant groove 
segments 3 in the radial direction, and each of the blocks 
4 arranged in the central region TC of the tread is a par- 
allelogram having a relatively large circumferential com- 
45 ponent as compared with each ot the blocks 5 arranged 
in both side regions TS of the tread. 

The tire of the illustrated embodiment is provided at 
its inside with a belt comprised ol two rubberized cord 
layers each containing cords arranged in parallel to 
so each other at a cord angle of 20° with respect to the 
circumferential direction of the tire, cords of which layers 
being crossed with each other with respect to an equator 
of the tire. The extending direction of steel cord in an 
outermost layer of the belt in the radial direction is 
55 crossed with the extending direction of the steep slant 
groove segment 2 with respect to the equator of the tire 
The conventional tire shown in Fig 2 has a tread 
pattern that a circumferential groove extending substan- 
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tially in a straight line in the center region of the tread 
(which is so-called center groove) and two circumferen- 
tial grooves extending zigzag in the circumferential di- 
rection are arranged on either side of the center groove 
and two circumferential grooves extending in a straight s 
line in the circumferential direction are arranged at the 
outside thereof to form many blocks arranged at given 
intervals in the axial direction and circumferential direc- 
tion of the tire together with many lateral grooves ex- 
tending in a direction crossing the tread. 10 

The tests for evaluating the drainage performance 
in the running on wet road surface, noise level of the 
tire, steering stability in the running on dry road surface, 
performances on snow and braking performance on ice 
are carried out with respect to the tire according to the is 
invention and the conventional tire. 

The drainage performance in the running on wet 
road surface is evaluated by a driver's feeling on a limit 
speed causing hydroplaning during the running on a wet 
road surface having a water depth of 5 mm. The steering 20 
stability in the running on dry road surface is evaluated 
by a driver's feeling when sport running is carried out on 
a circuit course of dry state under various running 
modes. The performances on snow are evaluated by a 
driver's total feeling on braking performance, traction 25 
performance, straight running performance and corner- 
ing performance on a test course of pressed snow state. 
The braking performance on ice is evaluated by a stop- 
ping distance when the vehicle is fully braked from a run- 
ning state at a speed of 20 km/h on an iced course 30 

As a result of the above evaluation tests, when each 
performance is represented by an index on the basis 
that the conventional tire is 1 00 (the larger the index val- 
ue, the better the performance), in the tire according to 
the invention, the steering stability on dry road surface 35 
is 105, and the performances on snow are 105, and the 
braking performance on ice is 1 1 0, and the drainage per- 
formance on wet road surface and the noise level are 
120, respectively. That is, the tire according to the in- 
vention is superior in all of the above performances to JO 
the conventional tire. 

As seen from the above, according to the invention, 
there can be provided an all-season pneumatic radial 
tire having excellent drainage performance in the run- 
ning on wet road surface and noise level without degrad- -*$ 
ing the steering stability in the running on dry road sur- 
face, the performances on snow and the braking per- 
formance on ice. 



Claims 

1 . A pneumatic radial tire comprising a tread having a 
block pattern defined by two circumferential main 
grooves (1 ) arranged at a given interval in the axial ss 
direction of the tire and continuously extending in 
the circumferential direction of the tire and slant 
grooves arranged at given intervals in the circum- 



ferential direction of the tire and extending obliquely 
with respect to the circumferential direction of the 
tire, in which the two circumferential main grooves 

(1 ) are arranged on either side of the tread with re- 
spect to the pattern center to divide the tread into a 
central region (TC) located between the two circum- 
ferential main grooves and having a width corre- 
sponding to about 1 5%-45% of the tread width (TW) 
and both side regions (TS) each located between a 
circumferential main groove and an end (TE) of the 
tread, characterized in that (i) the slant grooves are 
comprised of steep slant groove segments (2) ex- 
tending at a relatively small inclination angle with 
respect to the circumferential direction and gentle 
slant groove segments (3) extending at a relatively 
large inclination angle with respect to the circumfer- 
ential direction; (ii) the steep slant groove segments 

(2) are disposed in the central region (TC) of the 
tread and extend substantially in a straight line from 
one end of the groove segment opening to one cir- 
cumferential main groove (1) toward the other end 
opening to the other circumferential main groove; 

(iii) the gentle slant groove segments (3) are dis- 
posed in each of both side regions (TS) of the tread 
and extend so as to gradually increase the inclina- 
tion angle thereof with respect to the circumferential 
direction from an inner end of the groove segment 
opening to a circumferential main groove ( 1 ) toward 
an outer end thereof opening to the tread end (TE); 

(iv) the gentle slant groove segments located in one 
of both side regions (TS) of the tread and the gentle 
slant groove segments located in the other side re- 
gion (TS) are arranged in a herringbone directional 
tread pattern designating a rotating direction (RD) 
of the tire to be mounted onto a vehicle such that a 
portion of a block (5) defined between the gentle 
slant groove segments (3) and located nearer to the 
equatorial plane of the tire precedently contacts 
with the ground and a portion of the said block lo- 
cated further from the equatorial plane succeeding- 
ly contacts with the ground, in which the arrange- 
ment of the gentle slant groove segments located 
at one of both side regions is shifted by a half pitch 
with respect to the arrangement of the gentle slant 
groove segments located at the other side region; 
and (v) a surface of an acute angle corner zone of 
each of the blocks (4) defined by the circumferential 
main grooves (1 ) and the steep slant groove seg- 
ments (2) and arranged in the central region (TC) 
of the tread is chamfered over a distance of 10-30 
mm from a taper end in a longitudinal direction so 
as to gradually shallow from the taper end toward a 
thickened zone. 

2. A pneumatic radial tire as claimed in claim 1 , char- 
acterized in that the steep slant groove segments 
(2) extend at an inclination angle of 10-45° with re- 
spect to the circumferential direction, and the gentle 
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slant groove segments (3) extend at an inclination 
angle of 30-90° with respect to the circumferential 
direction. 

A pneumatic radial tire as claimed in claim 1 or 2, 
characterized in that each of the blocks (4,5) is pro- 
vided with a plurality of sipes (6;7) each extending 
at a relatively large inclination angle of 70-90° with 
respect to the circumferential direction and opening 
at its end to a circumferential main groove (1) or a 
tread end (TE). 

A pneumatic radial tire as claimed in any of claims 
1 to 3, 

characterized in that the number of the steep slant 
groove segments (2) is not more than halt ot the 
number of the gentle slant groove segments (3) so 
as to make the interval between the steep slant 
groove segments in the circumferential direction not 
less than two times the interval between the gentle 
slant groove segments in the radial direction, and 
each of the blocks (4) arranged in the central region 
(TC) ol the tread is a parallelogram having a rela- 
tively large circumferential component as com- 
pared with each of the blocks (5) arranged in both 
side regions (TS) of the tread. 

;. A pneumatic radial tire as claimed in any of claims 
1 to 4, 

characterized in that the tire is provided with a belt 
comprised ol at least two rubberized cord layers 
each containing cords arranged in parallel to each 
- other at a cord angle of about 10-30° with respect 
to the circumferential direction of the tire, cords ot 
which layers being crossed with each other with re- 
spect to an equator ot the tire, and the extending 
direction of the cord in an outermost layer of the belt 
in the radial direction is crossed with the extending 
direction of the steep slant groove segments (2) 
with respect to the equator ot the tire. 

6. A pneumatic radial tire as claimed in any ot claims 
1 to 5, 

characterized in that a surface of an acute angle 
corner zone of each ot the blocks (5) arranged in 
both side regions (TS) and defined between the cir- 
cumferential main groove (1) and the gentle slant 
groove segments (3) is chancered over a distance 
of 10-30 mm from a taper end in a longitudinal di- 
rection so as to gradually shallow from the taper end 
toward a thickened zone. 
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(57) An all-season pneumatic radial tire has a block 
pattern in a tread defined by two circumferential main 
grooves (1 ) and slant grooves, in which the two circum- 
ferential main grooves are arranged on either side of the 
tread with respect to a pattern center to divide the tread 
into a central region (TC) and side regions (TS). In this 
tire, the slant grooves are comprised of steep slant 
groove segments (2) and gentle slant groove segments 
(3), and the steep slant groove segments (2) are dis- 
posed in the central region (TC) and the gentle slant 
groove segments (3) are disposed in both side regions 
(TS) of the tread in a herringbone directional tread pat- 
tern designating a rotating direction (RD) of the tire to 
be mounted onto a vehicle. A surface ol an acute corner 
angle zone of each of the blocks (4) defined by the cir- 
cumferential main grooves (1) and the steep slant 
groove segments (2) and arranged in the centra! region 
(TC) of the tread is chamfered over a distance of 10-30 
mm from a taper end in a longitudinal direction so as to 
gradually shallow from the taper end toward a thickened 
zone. 
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